This paper presented M 2 tidal dynamic results of Taiwan Strait simulated by COHERENS model. The results showed that the M 2 component's tidal system in the Taiwan Strait can be summarized as the coexistence of the Kelvin tidal wave system and the standing wave system. Zero ellipticity line of the tidal current at the middle layer could be close to that of the depth-averaged tidal current got by the traditional 2-dimensional works, further more, these lines may be not fixed, instead, half latitudinal distance could be found between that of the surface and the bottom layer, which could give reasonable explanation to the difference among studies. Tidal induced upwelling areas located at west coast of the Taiwan Strait, South to the Taiwan Bank, Penghu Channel and water area around Changyun Rise. Horizontally, the tide-induced upwelling tended to parallel with the coastline, and united with that of the East China Sea at the 30m isobath; vertically, the tide-induced upwelling had the tendency to decrease both in strength and domain.
Introduction
The Taiwan Strait (hereafter TS), bounded by the China continent to the west and the island of Taiwan to the east, is a shallow strait about 180 km wide, 350 km long and 60 m in average depth. Topography of TS varies greatly because of the strong erosion underwater. As shown in Fig.1 , Topographical units of TS could be divided into Taiwan Bank, Penghu Channel, Changyun Rise, et al., according to its natural bottom topography. Studies have shown that topography would play a very important role in response to tidal waves, and the hydrologic variations would affect or even determine the distribution of other chemical and biological parameters, with different temporal or spatial scales (Hong and Wang, 2001).
As the most important exchanging waterway between the South China Sea (SCS) and East China Sea (ECS), studies on TS tidal characteristics have a long history steeped in experience. Evidence indicated that the semidiurnal constituents could merely excite the anomalous amplifications of tides along the western coast of Taiwan (Lin et al., 2001; . The barotropic semidiurnal tide manifested as a more complicated form in the TS, Kelvin wave theory and wave diffraction theory were usually cited for explaining the tidal phenomena in the vicinity of Taiwan with good agreement between theories and observations since Yin's work (Yin, 1984) . Studies have shown that the tidal motion in the TS is maintained mainly by the energy fluxes from the East China Sea for both semidiurnal and diurnal species and partially from the Luzon Strait for semidiurnal species (Fang et al., 1999) , meanwhile, strong M 2 tidal dissipation and tidal fronts were found occur in the TS (Zu et al., 2008; Tong et al., 2010) . Whereas, conclusions drawn from respective work may still have different or even contrary explanations. In order to study the tidal dynamics mechanism of the TS, a three-dimensional hydrodynamic multi-purpose model for coastal and shelf seas, i.e. COHERENS (Luyten et al., 1999) , was applied on TS and its neighboring area. Description of COHERENS could be found at its user manual. Default turbulence scheme in COHERENS was chosen, which defined turbulent viscosity coefficients as the function of turbulent kinetic energy and its dissipation rate.
Model input
Present simulations were undertaken in coordinate system with resolution of 5 ×5 in meridional and transverse directions, covered the area from 105°E to 125°E, and 15°N to 30°N. Meanwhile, because of the great topographical gradient, smoothing process proposed by POM (Princeton Ocean Model) was adopted. For reduction of CPU time, the Courant-Friedrichs-Lewy conditions were used. Smagorinsky equation was chosen for the calculation of the horizontal diffusion term, for reduction of the numerical oscillation (Oey and Chen, 1992a; 1992b) , the horizontal diffusion coefficient was set to 0.2.
The model were solved on a staggered Arakawa C-grid. The bottom conditions were given in slide boundary format, in which the bottom roughness specified as 0.01 (Sha et al., 2001 ). The bottom stress was represented by quadratic friction law and the vertical eddy viscosity took a flow-related form.
The boundary condition for the transformed vertical velocity took the impenetrated form. The solid boundary conditions were also set impenetrable. The open boundary conditions were specified as the radiation boundary conditions at the northern and southern open boundaries, with the harmonic constants got by the Regional model around Japan by assimilating altimeter data (Matsumoto et al., 2000 incoming Riemann variables' gradient to zero, and solving the outgoing Riemann variables by the diagnostic equations.
Results

Simulation of the M 2 tide fields
The stability standards were defined according to the specified criteria, i.e., less than 0.1 cm, and less than 0.1 cm/s, as far as the tidal height and tidal current's difference between the consecutive periods be concerned, respectively.
It could be seen from fig.2 that the topography and the shape of the shoreline did great effect on the tidal wave. Simulation of co-amplitude lines of M 2 component showed that these lines had the declined tendency from northwest to southeast and northwest, the tidal amplitude ranged from 200 cm along the coast from Meizhou Bay to Fuzhou, to less than 20 cm at the southern part of the TS. Meanwhile, tidal amplitude stayed stable with bigger amplitude than vicinity in the middle of the eastern part of the strait. Distribution of co-phase Lines of M 2 Tidal Component in the TS showed that the wave format was mainly northeast-southwest progressive shape in the northern part, which was co-affected by the waves come from north and south inlets. Whereas, the co-phase lines turned to southeast-northwest direction, and the interval of co-phase lines turned to decrease, which meant the wave celerity's increasing. Corresponding to the bigger amplitude, phases almost held same from Danshui to Taizhong along the west coast of the Taiwan Island. The two wave branches from the south and north end interacted inside the strait, whose strength could be determined by the co-amplitude and the co-phase lines. Obviously, the wave branch coming from the north inlet preponderated over that of the south inlet. The modeling results were validated by observed results. Comparisons showed that the average absolute error, the relative error, root mean square of tidal amplitude, the absolute error of the tidal phase-lags was 0.8 cm, 7.7%, 5.1cm, -5.9º, respectively, comparable to that of Jan's work ).
Simulation of the M 2 tidal current fields
Barotropic structure could be seen from the comparison of tidal Ellipse of M 2 tidal component from the surface to the bottom, in which the tidal ellipses have similar tendency, though quantitatively difference could be seen. Meanwhile, the major axes nearly parallel to the TS with counterclockwise motion like Lin's result (Lin et al., 2005) . It could be seen that the major zero ellipticity line, which was shown with solid line in fig. 3 , crossing through the TS would move towards south and east direction from the surface to the bottom layer, which coincided with previous work (Sha et al., 2000) . Moreover, another obvious zero ellipticity line was found at the southwest area around Taiwan Island. from the surface to the bottom layer, it extended towards north and west with less amplitude than the major zero ellipticity line, furthermore, the two lines would converge together at the bottom.
As a whole, zero ellipticity line of the tidal current at the middle layer could be close to that of the depth averaged tidal current got by the traditional 2d work. Meanwhile, half latitudinal distance could be found between that of the surface and the bottom, which could give a reasonable explanation to the difference among studies.
Simulation of the M 2 tide-induced upwelling fields
Tide-induced continental circulation is composed by horizontal and vertical residual current, and often corresponding to the upwelling or downwelling mechanism.
Here, the tidal-induced upwelling was defined by averaging the vertical velocity during one tidal period, and calculated by Euler method. Restricted by the boundary condition, the tidal-induced upwelling is very weak at the surface layer, thus, only the tide-induced upwelling at the middle ( =0.5) and the bottom layer( =0.05) were shown here as fig. 4 .
Upwelling velocity could arrive to about 0.5×10 -5 m/s at the middle layer, in which the maximum locations included not only the once-reported north of Fujian coast (Huang and Weng., 1996), but also the Penghu Channel, concurrently, upwelling could be found at the Taiwan Bank and Changyun Rise where are shallower than the adjacent area, and the strength could be 0.3×10 -5 m/s, 0.1×10 -5 m/s, respectively. At the bottom , the strength of the tide-induced upwelling could be 0.7×10 -5 m/s at Penghu Channel and the southeast of the Taiwan Bank, 0.3×10 -5 m/s at Changyun Rise, North of Fujian coast and southwest of Taiwan Bank, obviously, stronger than that of the middle layer, In a word, the maximum tide-induced upwelling areas located at the west coast of TS and south of the Taiwan Bank, in which the former had the larger range, and the later had the larger strength. Combined with the characteristic of the tidal induced upwelling in the ECS (Huang et al., 1996) , tidal induced upwelling in the TS could be summarized as two aspects, i.e., horizontally, the tide-induced upwelling tended to parallel with the coastline, and united with that of ECS at the 30m isobath; vertically, the tidal induced upwelling had the tendency to decrease both in strength and domain.
Discussion And Conclusions
The M 2 component's tidal system in the TS could be summarized as the coexistence of the Kelvin tidal wave system and the standing wave system, under the influence of topography and coastline. Tidal induced upwelling areas located at west coast of the Taiwan Strait, South to the Taiwan Bank, Penghu Channel and water area around Changyun Rise, horizontally, the tide-induced upwelling tends to parallel with the coastline, and unites with that of ECS at the 30m isobath; vertically, the tide-induced upwelling has the tendency to decrease both in strength and domain. Upwelling areas around Taiwan Bank, Penghu Islands and Changyun Rise would persist all the time. 
